INTRODUCTION
The proboscis extension reflex of the honeybee (Apis mellifera L) is an appetitive component of feeding behaviour that is elicited by touching one antenna with a droplet of sugar water. By pairing an initially neutral odour (conditioned stimulus) with the application of sugar water (unconditioned stimulus) to the proboscis, the reflex can be classically conditioned (Kuwabara, 1957; Menzel et al, 1974) . The proboscis extension reflex is also subject to habituation (Braun und , a non-associative form of learning. The neurobiological analysis of learning requires the identification of brain areas and ultimately circuits responsible for neural plasticity. A subsequent cellular analysis of neural plasticity will depend on the identification of transmitter substances involved in synaptic transmission.
Based on the well-described functional neuroanatomy of chemosensory information processing pathways in the bee's nervous system (Pareto, 1972;  Suzuki, 1975; Arnold et al, 1985; Mobbs, 1985; Flanagan and Mercer, 1989; Rehder, 1989) , this review will focus mainly on the chemical neuroanatomy of neuropiles, which participate in mediating or modulating the proboscis extension reflex. Chemical neuroanatomy describes the histochemical and immunocytochemical detection of neurotransmitter-related properties in the nervous system, bridging anatomy and neurochemistry.
The chief neuropiles mediating proboscis extension in response to antennal sugar water stimulation and also associative learning of an odour are the antennal lobes, the mushroom bodies, parts of the lateral protocerebrum, and the suboesophageal ganglion (Mobbs, 1985) ( fig 1) . The antennal lobes receive their sensory input predominantly from chemosensory receptors on the antennae, whereas antennal mechanosensory fibres are thought to project mainly into the dorsal lobes (Pareto, 1972; Suzuki, 1975) . A quantitative ultrastructural study (Gascuel and Masson, 1991) has demonstrated that synaptic integration between sensory afferents, local interneurons and projection neurons is mainly confined to the spherical glomeruli which surround the central coarse neuropile. Groups, as well as certain individual glomeruli, can be identified (Arnold et al, 1985; Flanagan and Mercer, 1989 ) based on innervation by 4 different branches of the antennal sensory nerve (Suzuki, 1975) . The principal output of the antennal lobes is carried via the median and lateral antennoglomerular tracts into the calycal lips of the mushroom bodies and into the lateral protocerebral neuropile (Mobbs, 1985) . Cobalt staining has revealed additional but less prominent output tracts such as the mediolateral antennoglomerular tract and a small tract interconnecting the 2 antennal lobes (Arnold et al, 1985; Mobbs, 1985) . Degeneration and dye backfilling studies of the antennal nerve (Pareto, 1972; Suzuki, 1975; Arnold et al, 1985; Mobbs, (Rehder, 1989) . Relay neurons of the antennoglomerular tracts transmit chemosensory information into the mushroom bodies (Arnold et al, 1985; Mobbs, 1985) . The shape and internal structure of this neuropile is largely reflected in the branching pattern of the intrinsic Kenyon cells. Fibres of the Kenyon cells project from their calycal input areas in a parallel arrangement through the pedunculus and finally branch into the &alpha;-and the &beta;-lobe (fig 1) . Besides the arborisations of extrinsic fibres that link the mushroom bodies to other brain areas, a worker bee's mushroom body contains = 170 000 Kenyon cells (Witthöft, 1967; Mobbs, 1985 (Kreissl and Bicker, 1989) as well as the autoradiographic mapping of &alpha;-bungarotoxin binding (Scheidler et al, 1990) . A schematic drawing of AChE activity in the brain of the bee including some anatomical structures is provided in figure 2. Both the antennal and the dorsal lobe showed AChE activity. In the antennal lobe the activity was mainly confined to the glomeruli (fig 2) , whereas the central neuropile was not stained. The sensory fibres of the antennal nerve, which project ventrally to the antennal lobe into the dorsal lobe, contributed largely to the AChE staining of the dorsal lobe neuropile (fig 2) which is the origin of those motorneurons responsible for the movement of the antenna (Pareto, 1972; Suzuki, 1975). Compared to the sensory fibres innervating the dorsal lobe, the sensory projections into the antennal lobe showed only a rather weak staining. Some glomeruli which received strongly AChE-stained fibres from the antennal nerve were, however, observed at the entrance of the nerve into the lobe. Direct antennal sensory projections into the posterior deuto-and tritocerebral parts of the brain, as well as into the suboesophageal ganglion (Pareto, 1972; Suzuki, 1975; Arnold et al, 1985; Mobbs, 1985) (fig 1) showed AChE activity.
A high density of acetylcholine receptor immunoreactivity (AChR-IR) (Kreissl and Bicker, 1989 ) and &alpha;-bungarotoxin binding sites (Scheidler et al, 1990) (Storm-Mathisen and Ottersen, 1986) , a technique which has been extensively used in the mammalian nervous system. Many studies have also been reported in insects including our immunocytochemical description of GABA immunoreactivity (GABA-IR) (Bicker et al, 1985; Schäfer and Bicker, 1986) in the brain of the honeybee. Studies with an antiserum directed against GABA have also been double checked with an antiserum against the GABA synthesising enzyme, glutamic acid decarboxylase (GAD) . Staining patterns using antibodies against GABA and GAD were virtually identical, providing independent evidence for the specificity of transmitter immunocytochemistry.
GABA (Schäfer et al, 1988) in which taurine accounts for 16% of the total free amino acid pool, second only in concentration to glutamate (20%) (Frontali, 1964) . Most of the prominent features of the distribution of Tau-IR were subsequently also found with another antiserum in the brains of fruit flies and locusts (Bicker, 1991) .
Weak levels of Tau-IR appeared throughout the neuropile of the antennal lobe, whereas the cortical layers of the glomeruli in particular were more intensely stained (Schäfer et al, 1988 (Schäfer and Bicker, 1986) , Glu-IR , and Tau-IR (Schäfer et al, 1988) showed complementary distributions in the insect nervous system.
SEROTONIN
The distribution of serotonin (5-HT), a biogenic monoamine, has been investigated by histofluorescence (Mercer et al, 1983) and immunofluorescence (Schürmann and Klemm, 1984 (Mercer et al, 1983 ). Many of the classical transmitter substances of the mammalian brain have also been found in the bee. Unfortunately, rigorous physiological proof that any of the above-mentioned substances has a transmitter role in the nervous system of the bee is lacking. Since neurons of the pupal honeybee brain seem to express transmitter receptors and immunoreactivity when grown in dissociated cell culture (Kreissl and Bicker, 1992) , physiological studies of neurotransmission are within reach. For example, bath application of the putative inhibitory neurotransmitter GABA to cultured neurons indeed caused an increased conductance membrane hyperpolarization (Bicker, unpublished observations). Similar observations have been reported for dissociated locust neurons (Giles and Usherwood, 1985 (Shepherd, 1983) . Immunocytochemistry with antisera to GABA and GAD in the antennal lobes, mushroom bodies, suboesophageal ganglion and optic ganglia (Bicker et al, 1985 Schäfer and Bicker, 1986) (Bicker and Menzel, 1989) . Several nuclei in the brainstem of the mammalian nervous system give rise to groups of thousands of widely projecting modulatory aminergic neurons Bloom, 1978, 1979) .
However, even though the nervous system of the worker bee contains almost a million neurons (Witthöft, 1967) it is still possible to resolve single identified neurons such the 5-HT-IR deutocerebral giant .
A knowledge of the chemical architecture of the bee's nervous system has proved especially useful in behavioural pharmacological studies of proboscis extension learning. A functional inactivation of monoaminergic systems by reserpine depletion which has been monitored by immunocytochemistry (Braun and Bicker, 1992) does interfere with processes required for associative learning (Braun and Bicker, unpublished observations). Systemic pharmacology influencing aminergic transmission has enabled memory storage to be dissociated from retrieval processes (Mercer and Menzel, 1982; Menzel et al, 1988, Bicker and Menzel, 1989) Octopamine injections into the brain close to the calyces facilitated memory storage and retrieval during associative learning (Menzel et al, 1988) .
The response decrement during a nonassociative learning task, habituation of the proboscis extension reflex, depends on the satiation level of the experimental animal. Reserpine depletion experiments in combination with subsequent injections of octopamine or its metabolic precursor tyramine uncovered an octopaminergic mechanism in the state dependency of habituation (Braun and Bicker, 1992 (Mauelshagen, 1993 
